Spatial distribution and interactions were analysed for three cooccurring populations of the rodents Clethrionomys glareolus (Schreber, 1780), Microtus agrestis (Linnaeus, 1761) and Apodemus agrarius (Pallas, 1771). The study was conducted in three 1-ha plots located in forests of southern Poland, in an industrial region (Silesia). Rodents were captured by the CMR method from October 1977 to October 1981. The study areas differed in the degradation of plant communities and the degree of industrial pollution. It has been found that C. glareolus showed a higher degree of aggregation, less frequently changed the points of capture, and was most permanently attracted to them, as compared with the other species. All the rodent species tended to avoid one another at trapping points, especially C. glareolus and M.
INTRODUCTION
Small rodents living in mixed forests usually form multispecies communities. They have relatively similar food and habitat requirements. The distribution of individual species was analysed by many authors (Turcek, 1960; Koplin & Hoffman, 1968; Chełkowska, 1969; Flint, 1977; Dienske, 1979; Kovalevskij & Korenberg, 1980; Bashenina, 1981 ; Andrzejewski & Simonides, 1982, and others), but so far it is not clear how individual species occupy the habitat when they co-occur, and how they interact.
The purpose of this paper is to analyse differences in the distribution of co-occurring populations of C. glareolus (Schreber, 1780), M. agrestis (Linnaeus, 1761) and A. agrarius (Pallas, 1771), to find whether or not they interact, and to determine the effect of habitat on their spatial structure.
sex, body weight, and animal number if recaptured. The animals were released in t'he place of capture (the CMR method). Over the entire 'study period there were 17 trapping series on plots A and S, and 15 series on plot P.
In addition, the materials collected by snap-trapping in 1977 and 1982 were used to analyse differences in the autumn peak numbers between plots A and S. Snap traps were set on the isame plots. In 1982, their number and distribution was identical with those of live-traps in preceding years. In 1977, however, snap traps were set in two parallel lines 20 m apart. The distance between trapping points on each line was 10 m, and two traps were at each point.
On only a few individuals, thus they were not analysed. Spatial distribution was analysed for only three species, C. glareolus, M. agrestis, and A. agrarius, because they were most abundant. Besides rodents, also insectivores (Sorex sp.) were occasionally captured, which usually died in traps.
NUMBERS OF RODENTS
During three years (1977) (1978) (1979) , the total number of rodents in the peiiod of peak numbers (in September) was highest on plot A. In the two following years, their number was lower on this plot than on the other plots, especially in 1980 (Fig. 1) . In 1982, the total number of rocents on plot A in the period of autumn peak was higher again, as compared with that on plot S (on plot P, the study was not continued). This, during a six-year study period, the total number of rodents on plot A was higher than on the other plots in four years. This shows) that generally the number of rodents was higher in this area.
Also the amplitude of fluctuation of the total number of rodents from spring to autumn was generally higher on plot A as compared with that on other plots (Table 2) .
Fig. 1. Total numbers (n) of rodents on the study plots (A, S, P).
(a) CMR method, (b) snap trapping method. Table 2 Multiples of an increase in the total number of rodents from spring to the autumn peak. On two plots (S and P), C. glareolus was the dominant species for most of the study period (Fig. 2) . On plot A, its numbers were lower, and the community was predominated by M. agrestis or A. agrarits. A. flavicollis was relatively scarce on all the plots.
HOME RANGE SIZE
To assess spatial relationships among three most abundant species, first the mean size of their home ranges was estimated. It has been assumed after Wierzbowska (1972) that the number of trapping points within the area searched by an individual rodent ijs a measure of iits home range size. This method can be used to estimate a meain home range size of individuals captured at least two times. Home range size is calculated from a relationship between the mean number of points revealed by a rodent in a fixed number of captures (k), on the one hand, and the number of these captures and the home range size (r) on the other, as expressed by the formula where E(Xk, r) is the mean number of trapping points visited by an individual in k successive captures, k is the number of captures of an individual, Xk, r is the number of points visited in k captures, and r is the individual home range size. This equation is solved for r by substituting E(Xk, r) = oc, where x is the mean number of points revealed by the captured rodents of one species in a series of captures. Individual home range size can easily be estimated using tables in Wierzbowska (1972) . The mean home range size has been estimated for a group of individuals captured at least three times in a series of captures over a four-year study period.
The significance of differences in home range sizes for the three species and plots has also been calculated after Wierzbowska (1972) . The difference between two arithmetic mean numbers of points revealed (Xki-Xkn) for two species on the same plot, or for the same species on two plots, was compared with a theoretical value calculated from the formula where S 2 k, n is the sampling variance of the mean number of points 1 revealed in k captures (fc= 3) by rodents of species I in a given area, S\, rt is the sampling variance of the mean number of points revealed by species II on this plot, or species I on another plot, Nk, i is the number of individuals of species I on a given plot, for which the mean home range size was estimated, Nk, ii is the number of individuals of species II, or species I on another plot, for which the mean home range size was estimated. It follows from inequality (Xk, i-Xk, n)>l at P= 0.05 that the difference between the two compared home range sizes is statistically significant (n significantly differs from r2). In this way individual home ranges of particular species have been compared on each plot separately (Fig. 3 ). There were significant differences in home range size between C. glareolus and M. agrestis on two plots: on plot A, the home range of C. glareolus was larger than that of M. agrestis, and on plot S. M. agrestis established larger home A-1.96j/S 2 k, n \Nk, I + S*k, r2j iVk, II ranges than C. glareolus. No significant differences in home range size between these two species were found on plot P. Generally, the home ranges of these species were smaller than those of A. agrarius. No significant differences occurred in the home range size of A. agrarius between different plots (Fig. 3) . For each species, home ranges of males were larger than those of females, though not all differences were statistically significant (Fig. 4) . The only exception was M. agrestis on plot S, where the home ranges of males were smaller than those of females but the difference was not statistically significant. Also the literature data show that males of these species have larger home ranges than females (Andrzejewski & Wierzbowska, 1970; Myllymaki, 1977 b; Bashenina, 1981; Mazurkiewicz, 1981) . A seasonal variability in home range sizes was analysed for two periods: a spring-summer period (May, July) and autumn period (October), that is, in the breeding and postbreeding periods (Fig. 5 ). This analysis was done for C. glareolus on three plots and for M. agrestis only on plot A (the number of data was insufficient on the other plots). A. agrarius occurred in the plots mostly in autumn, so it was not possible to include this species. The mean home range size of C. glareolus in the springsummer period was larger than in the autumn period on all the plots. The difference is statistically significant for plots S and P. The same was true of M. agrestis, though the difference was not statistically signicant.
In no case individual home ranges covered all trapping points (in each trapping series there were points with no individuals trapped). Significant positive correlation coefficients have been found between the number of trapping points occupied by a species and the abundance of this species (Table 3) . An increase in animal numbers can cause not only visits to the points not visited earlier but also an increase in the overlap of individual home ranges. To find an evidence for this, it has been assumed after Andrzejewski (1967) that the overlap can be measured as a mean number of individuals per trapping point. Only the points at which at least one individual was captured in a series were considered. If the mean number of individuals per trapping point is one, home ranges do not overlap at Table 3 Relationship between the number of trapping points where at least one individual of a given species was captured (y) and the abundance of this species (x) on the study plots. r = coefficient of rectilinear correlation. all. A value greater than one indicates an overlap of individual home ranges. Changes in the overlap index with increasing population density were analysed (Table 4) . Statistically significant (P<0.05) positive correlation coefficients were found, implying that the overlap of home ranges of all the three species increased with their numbers.
CHARACTERISTICS OF THE SPATIAL DISTRIBUTION OF RODENTS
The spatial distribution of individual species in the community was analysed on the basis of the distribution of the number of animals trapped at particular points in successive years, seasons, and plots. The type of distribution was found using the index V = o/x where 5 is the mean number of individuals captured per point, and o 2 is the variance of the mean number of individuals. For V=1 the distribution is random, for V<1 uniform, and for V>1 clumped. The significance of differences between the theoretical and empirical distributions was estimated using the t-Student test at P = 0.05. It has been found that of all the study species, C, glareolus hadl clumped distribution most frequently, especially on plots S and P. This is shown by a high proportion of cases in which the values of the distribution index are statistically significant in relation to all its values obtained ( Table 5) . A clumped distribution is also frequent in A. agrarius, aid it was least frequent in M. agrestis.
MOVEMENTS OF INDIVIDUAL SPECIES WITHIN THE STUDY PLOTS
Individuals of particular species were captured only on some parts of the study plots. Thus a question arises to what degree particular populations move within the study plots, changing trapping points in time. To answer this question, for each trapping series (1, 2, 3, ... m) the number of points was estimated in which individuals of a given species were trapped (Li, L 2 , Li, ... Lm). Then, the numbers of these points were compared in pairs of successive trapping series (LM and L2, Ls and L 3 ..., Li and Lm). In each of these pairs, the lower number of points was used as a basis (L) when compared with the higher one (Lm when Lm<Li or Li when Li<CLm). It was calculated how many trapping points (n) of this basis (L) did not capture animals in the compared trapping series. The index of variability in the place of capture of the population of a given species (C) for particular trapping series was calculated as a ratio of the number of trapping points of the basis which was not occupied by the species (n) to the number of trapping points occupied in the series taken as a basis (L): C = n/L.
Then the mean value of this index was calculated for all pairs of trapping series compared for each species and for particular plots over the entire study period (upper part of Table 6 ). It has been found, that of all the study species, C. glareolus changed the lowest number of trapping points. This is shown by a lower variability index than for other species, when data from all the study plots are analysed jointly (significant differences at P<0.001). But on plot A, C. glareolus population changed more trapping points than on plots S + P (a significant difference at P<0.001). M. agrestis population on plot A changed less trapping points than on the other plots, but the difference is not statisticaly significant. For A. agrarius this index could be calculated only on plots A and S, where its values were similar.
A relationship was examined between the index of variability in capture points and the number of individuals of particular species. It has been found that such a relationship exists for C. glareolus on plot A (r = -0.575) and on the two other plots jointly (r=-0.473) (Fig. 6 ). Both these relationships are significant at P<0.05. The variability of capture points exponentially decreased with increasing number of animals. For M. agrestis population this was also an exponential relationship on plot A (r=-0.916, P<0.05), and on the other plots no relationship was found. It follows from this that differences in the number of individuals of each species could influence the value of C given in the upper part of Table 6 . On plot A, the number of C. glareolus was the lowest, thus the value of C could be higher than on the other plots. The number of M. agrestis on plot A was the highest, thus the values of C could be lower than on the other plots. To compare the value of C at similar numbers of individuals, its mean values were calculated only for the trapping series with less than 45 individuals captured (lower part of Table 6 ). Subdominant species on particular plots generally did not exceed this number. The values of this index were compared respective the values of C calculated for all numbers of individuals (Table 6 ). They were similar for the population of C. glareolus, while for M. agrestis on plot A the value of C increased significantly (P<0.05) and did not differ from the values of C obtained for other two plots. Thus, it can Table 6 Mean values of the variability of capture points (C) (n is the number of trapping series). be suggested that the population of C. glareolus showed a lower variability in visiting the same trapping points, as compared with the other species, and that in the more degraded habitat (plot A) this variability was higher than in less degraded habitats (plots S and P). For the other species this index was similar and did not depend on the habitat.
CONSTANCY IN THE ATTRACTIVENESS OF TRAPPING POINTS FOR RODENTS
On each study plot there were trapping points where no one individual of a given species was captured over the entire study period. The only exception was M. agrestis on plot A, where it was trapped at each point at least once. At the same time, this species, was not captured at 22 points on plot S and at 2 points on plot P. C. glareolus was not captured on particular plots at 1 to 3 trapping points, and A. agrarius at 3 to 31 points. Thus, some points were permanently non-attractive to rodents of particular species. Even if population members remain in the same place of the study plots for a long time the attractiveness of trapping points can vary for various reasons.
The number of individuals captured at a trapping point can be used as a measure of attractiveness. The attractiveness of different trapping points can vary from one trapping series to another. As a measure of the constancy in this attractiveness, we can use a correlation coefficient between the number of individuals of one species captured at a given point in one trapping series and their number captured at the same point in the next trapping series. It should be stressed that the matter in question is the recapture of individuals of the same species at the same trapping points, and not the recapture of the same individuals. In most cases this relationship can be illustrated by a linear regression. Statistically significant (P<0.05) positive values of the correlation coefficient were found, indicating that the degree of attractiveness of some trapping points for individuals of the same species can persist for a long time from one trapping series to another. In the cases where the coefficients of linear correlation were not significant, the nonlinear correlation coefficients were calculated. They were not significant which shows that the degree of attractiveness of trapping points varied from one trapping series to another. Correlation coefficients higher than 0.19 (at P=0.05) are statistically significant for each plot, as the number of trapping points for which the coefficients were calculated was identical. The obtained significant values of correlation coefficients (r) ranged from 0.21 to 0.51.
The higher the number of significant correlation coefficients, the longer the attractiveness of trapping points is preserved. To compare the constancy of the attractiveness of trapping points for each species on particular plots in different years in successive series of trapping, the proportion of the number of cases (n) with a significant value of the correlation coefficient (n r *) in the total number of the correlation coefficients (nr) was calculated.
The attractiveness of trapping points was the most stable for C. glareolus on all the study plots. This is shown by a higher proportion of the number of significant correlation coefficients (Fig. 7) . A comparison of the significance of differences between species on particular plots was not possible because the number of the correlations analysed was too low.
It seems that the attractiveness of the trapping points for C. glareolus was the most constant on plots S and P, and it varied most frequently on plot A (Fig. 7) . These differences, however, are not statistically significant, which can be due to a low number of the coefficients analysed. The constancy of the attractiveness of trapping points for M. agrestis was lower than for C. glareolus on each plot (Fig. 7) .
A. agrarius was present on the study plots in spring only on rare occasions. For this reason the constancy of the attractiveness of trapping points to this species was analysed mostly in September and October. On all the study plots jointly, only one out of 19 correlation coefficients was statistically significant. On plots A and S no constancy was found at all for A. agrarius. A comparison of all the three species on all the plots jointly shows that the attractiveness of trapping points was the most stable for C. glareolus. For this species 70®/o of the total number of 46 correlation coefficients were statistically significant, while only 30°/o of 40 correlation coefficients for M. agrestis, and only 5% of 19 correlations for A. agrarius. Differences between all these species are statistically significant (PC0.01).
It can be assumed that the attractiveness of trapping points to rodents depends on the phenology of surrounding plants. Thus, some patches of the herb layer could be preferred in spring and other patches in autumn.
To find whether or not the populations of individual species occupy the same places in the same seasons of different years with similar intensity, a correlation coefficient was calculated between the number of individuals captured at particular trapping points in a trapping series each month and the number of individuals captured in the same place the following year.
It has been found that the agree of attractiveness of particular places was most similar in the same seasons of different years for C. glareolus. This is shown by a higher proportion of significant correlation coefficients (nr) in the total number of the coefficients analysed (Fig. 8) . On plot A this proportion was not so high. The constancy of the attractiveness of particular places from one year to another for C. glareolus was maintained over the growing season on plots S and P. On plot A, however, this species was less attached to the same places. Only jfri July, all the three correlation coefficients for pairs of successive years were statistically significant, while none in October. The constancy of the attractiveness of the same trapping points for M. agrestis and A. agrarius was generally lower than for C. glareolus.
RELATIONSHIPS IN THE DISTRIBUTION OF CO-OCCURRING POPULATIONS OF THE STUDY SPECIES
The co-occurrence of species was examined in pairs of species inhabiting the same area, at each trapping point. The CMA index (Cole's Measure of Association) was used (Cole, 1949) . The following formulae were used for calculations: It has been assumed that the trapping points where at least one of the three study species was captured are attractive to each of them. Trapping points where rodents were not captured at all in a trapping series are excluded from this analysis. Only these trapping series are considered in which each of the species in the pair occupied not less than 10% of the trapping points. The value of CMA can vary from -1 to +1. Its negative value shows that individuals of the two species do not tend to co-occur, and the positive value shows that they tend to co-occur in the same places. The test was used for significance of the CMA values.
It has been found that generally all the species tended to show a negative association at trapping points. This is indicated by negative values of the CMA index in most of the trapping series. The proportion of the trapping series with negative values, though not always statistically significant, was 94% for the pair C. glareolus and M. agrestis, 83% for C. glareolus and A. agrarius, and 73% for M. (agrestis and;
A. agrarius.
A total value of the CMA index over the entire study period was estimated for each pair of species (Fig. 9) . The pair C. glareolus, M. agre-
stis was characterized by the lowest CMA on each plot, ais compared with other pairs.
Comparing different plots, it has been found that the pairs C. glareolus, A. agrarius and C. glareolus, M. agrestis were most negatively associated on plot P, and least negatively on plot A.
The value of CMA was analysed in different seasons for each pair separately (Fig. 10a) and for all pairs jointly (Fig. 10b) on each plot. This analysis showed a seasonal variability of the CMA index for all pairs on plot A. The negative association of paired species declined from spring to autumn, implying that the mutual tolerance increased. The pair C. glareolus, M. agrestis showed similar seasonal changes on the other plots (Fig. 10a) . For pairs C. glareolus, A. agrarius and M. agrestis, A. agrarius no clear seasonal changes were observed on plot S (Fig.  10a, b) , and only on this plot positive values of the CMA index were recorded in July and August. A. agrarius was absent from plot P in spring and summer, making the analysis impossible.
DISCUSSION
Forests of the study area represented a suitable habitat for rodents, though plant communities were degraded and destroyed by coal industry. These were fertile, humid forests, with a high plant species diversity, frequently covered with dense, tall ferns, raspberry and blackberry bushes (Celiński & Wika, 1980) . Dying fallen trees, branches and trunks provided excellent hiding and nesting sites. In our view, such a habitat can satisfy food requirements and provide shelters for many rodent species, including those typical of forests, like C. glareolus, mid-forest meadows, like M. agrestis, and associated with crop fields and shrubberries, invading forests mainly late in summer and in autumn, like .4. agrarius.
The study areas were located in an intensely industrialized region of the country, in more or less degraded forests (Celiński & Wika, 1980) , • where the number of rodents in the autumn peak was high, as compared with other regions of Poland (Walkowa et a L, 1982) . All indices of spatial distribution were based on captures of animals. The trappability of the study species was high, though there were differences in the attractiveness of the bait (oats) for particular species. Even herbivorous M. agrestis was captured per 2.4 censuses, on the average, C. glareolus was captured every 1.7 censuses, and the granivorcus A. agrarius every 1.9 censuses (unpublished data).
Mean home range sizes of particular species were in the range of the lowest values for the same species in other areas (Brown, 1956; Saint Girons, 1960; Wierzbowska, 1972; Andrzejewski & Mazurkiewicz, 1976; Viitala, 1977; Bashenina, 1981 , and others).
In the habitats rich in food, home ranges of rodents are smaller than in poor habitats (Golikova, 1958 But the comparison of mean home range sizes with those obtained by other authors is difficult because of different methods, different sizes of study plots, habitat conditions and methods of estimating home range size.
Sex-related and seasonal differences in the mean home range size were consistent with those found by other authors. Home ranges of males were generally larger than those of females (Fig. 4) Andrzejewski & Mazurkiewicz, 1976; Mazurkiewicz, 1981) , and in the spring-summer period they were larger than in autumn (Fig. 5) (Myllymaki, 1977b; Mazurkiewicz, 1978) .
Individual species can use space in different ways. They may occupy the whole suitable area, or only some patches of it, depending on the habitat characteristics (Turćek, 1960; Koplin & Hoffman, 1968; Nikitina, 1970, and others) and probably on intra-and interpopulation interactions (e.g. Murie, 1971; Krylov, 1975; Henttonen et al., 1977; Dienske, 1979) .
Analysing spatial distribution of populations in the study area, it has been found that usually it was clumped (Table 5) , which was also observed by Naumov, 1948; Bock, 1972; and Krylov, 1975 . But individual populations differed from one another. Clumped distribution was observed least frequently for M. agrestis and most frequently for C. glareolus. This was true in different seasons, thus at different densities. It can be thus suggested that the clumped distribution of C. glareolus was not related to the abundance of this species. Also Mazurkiewicz (1981) found no relationship between the distribution pattern of this species and its population size.
The characteristics of spatial distribution of individual species are compared in Table 7 . A four-degree scale was used to present the values of different indices. For a better ilustration of differences between species, the variability index of capture points is presented as its reciprocal, that is, the constancy of trapping points visited.
This comparison shows that: (1) The spatial structure of the C. gla-reolus population clearly differed from that of other species. Most often the distribution of this population was clumped,, its members more frequently visited the same places on the plots than the members of other populations, and the attractiveness of particular points was most fixed to them. A. agrarius and M. agrestis showed much lower values of these indices, and no unequivocal differences in their spatial structure Table 7 Characteristics of the spatial distribution of rodent populations. C. glareolus is a forest dwelling species, and the structure of the tree layer is a factor influencing its distribution (Mazurkiewicz & Rajska-Jurgiel, 1978). The effect of this factor is relatively permanent (long-term). Although the most degraded habitat (plot A) seemed to be equally suitable as the other plots (S and P) in terms of food and! shelters, its most rapid transformation is likely to change the distribution of habitat features important to C. glareolus. This is reflected in changes in the attractiveness of the sites occupied by this species on plot A, which were more frequent than on the other plots. This could also be one of the reasons for more frequent movements of the C. glareolus population within this plot and account for a decrease in the value of the agregation index for this species.
Index
The occurrence of M. agrestis in forests is related to the degree of coverage with grass. Changes in the distribution of herbaceous plants, including juicy grasses, are much more rapid than changes in the structure of tree stand. These changes can influence M. agrestis, and account for differences in the distribution of this species as compared with the distribution of C. glareolus.
The spatial distribution of A. agrarius was most difficult for interpretation because we do not know which components of the habitat could be involved.
It may be expected that also interactions among populations influence the spatial distribution of these species within the plots. Capture of different species at the same trapping points shows that their home ranges overlap, thus they may be mutually tolerant. Literature data, however, provide evidence for agonistic behaviour, including aggressive behaviour during direct encounters of representatives of different species (Getz, 1962; Andrzejewski & Olszewski, 1963; Grant, 1970; Murie, 1971) , avoidance in the same areas (Findley, 1954; Golikova, 1957; Turćek, 1960; Koplin & Hoffman, 1968; Grant, 1972; Henttonen et ah, 1977; Dienske, 1979) , and avoidance in the daily cycle of activity, in which case they may be captured at the same point but not encounter one anotheri (Miller, 1955; Brown, 1956 ). Some species also avoid places of high densities of another species (Montgomery, 1981) .
Our analysis of interspecific interactions is based on the CMA index. This index provides information on the negative or positive association of species at the same trapping points. It is difficult, however, to identify the reasons for negative association. These may be habitat-related differences at particular trapping points, or an effect of competition for food, nesting sites, or other habitat components. The largest differences in food requirements are between M. agrestis and A. agrarius. The former prefers herbaceous plants, especially grasses (Evans, 1973; Stenseth et ah, 1977) , the latter seeds and animal food, especially in autumn (Babińska-Werka, 1981; Obrtel & Holisova, 1981) . If the negative association of different species at trapping points is related to an uneven distribution and low overlap of different food types at these points, this pair of species should show the highest lack of co-occurrence: M. agrestis would be trapped at points with grass, while A. agrarius at points rich in seeds. But these two species did not show a greater lack of cooccurrence than the other pairs of species (Fig. 9) , implying that not differences in the distribution of food determined the lack co-occurrence of these species at trapping points. From rather rich literature data (Drożdż, 1966; Hansson, 1971; Zemanek, 1972; Gębczyńska, 1976 ; Babińska-Werka, 1981; Obrtel & Holisova, 1981; and others), it can be concluded that the diets of the pairs C. glareolus, M. agrestis, and C. glareolus, A. agrarius partly overlap. Thus, it cannot be excluded that the competition for food can contribute to the avoidance of these species. Perhaps, a comparison of the spatial distribution of plants and rodents on the study plots, combined with an analysis of their stomach content to assess their food preference, which is planned by the authors, will provide a deeper insight into this problem.
Interspecific antagonisms can also be related to nesting sites. Generally C. glareolus does not burrow, and it uses natural hollows in the ground under roots of trees, or places of litter accumulation as shelters (Daniel et al., 1970; Albov et al., 1979) , and it is more frequently captured in places with large amounts of dead plant material (Turćek, 1960) . M. agrestis nests are in burrows, but also in clumps of shrubs and grasses, especially in damp places (Ognev, 1950) . A. agrarius also utilizes burrows (Karaseva, 1979) . Thus, in addition to the overlap in food niches, also similarity in their nesting sites can intensify interactions between C. glareolus and M. agrestis, especially in spring, when soil moisture is high. The drying of soil and changes in the diet of these two species can reduce conflicts.
In this view, it seems that the CMA index is a good measure of interspecific relationships. Generally all the species in pairs on the study plots tended to avoid one another, this being most clearly pronounced in the pair C. glareolus, M. agrestis (Fig. 10a) . The avoidance in this pair was particularly acute in spring. It declined in autumn, which implies an increase in tolerance, though also then they tended to avoid one another. Henttonen et al. (1977) , Myllymaki (1977a) , and Hansson (1983) have found competitive interactions between these species as well. Also C. glareolus and A. agrarius avoided one another at trapping points, though there were differences from season to season and from one plot, to another. On plot A, tolerance between these two species increased in autumn, while on plot S clearly negative interactions were observed only in autumn (Fig. 10b) .
There are scarce literature data on interactions between C. glareolus and A. agrarius. Using the CMA index, Gliwicz (1981) has found that. these two species tend to avoid one another but independent of the season.
A decrease in the avoidance between A. agrarius and M. agrestis from spring to autumn was observed only on the most degraded plot (A). On plot S, even a positive value of the CMA index was noted for these species in September. There are no literature data for this pair for comparison.
The occurrence of M. agrestis and A. agrarius in larger numbers on plot A, as compared with the other plots, seems to be explained by the fact that this was the most suitable habitat to them, though most transformed and polluted. It is difficult, however, to understand why the density of C. glareolus was low there, despite presumably suitable habitat conditions for this species as well.
As the tendency to avoidance was the strongest in the pair C. glareolus, M. agrestis, as compared with the other pairs of species under study, it may be suggested that a large number of M. agrestis on plot A limited the number of C. glareolus. This thesis is supported by their population dynamics on the other two plots, where the number of M. agrestis was much lower and generally C. glareolus predominated by number. On the other hand, a lower abundance of C. glareolus on plot A could facilitate a partial use of the same trapping points by both C. glareolus and M. agrestis (e.g. through avoidance in the daily cycle), accounting for lower values of the CMA index for these two species on this plot, as compared with the other plots.
As all the pairs of species showed a decreased avoidance on plot A, it may be suggested that if habitat conditions are suitable to any of these species, it will gain a dominant position more easily than on the other plots. This may indicate that the rodent community was less stable and integrated on plot A, as compared with the other plots, which is consistent with the hypothesis of Wałkowa et al. (1982) . This hypothesis is based on generally higher numbers of rodents on the degraded plot A in autumn, a higher amplitude of changes in numbers, and a more frequent displacement of dominant species. 
